Thank you very much for your interest in The EMBO Journal and submitting your study on the role of regulatory circuits driving (pancreatic) cancer cell plasticity.
individual requests at any length.
Conditioned on addressing these demands, I am very happy to invite your study for a single round of major revisions.
Please understand that an amended version will have to undergo a second round of peer-assessment before a final decision on publication in The EMBO Journal would be reached.
Therefore, please kindly estimate the demands and focus your efforts to avoid disappointments later in the process.
If you see necessary, please do not hesitate to get in touch (due to time constrains preferably via email), also to discuss timeline/feasibility/necessary extensions in light of the transmitted comments.
Lastly, I have to formally remind you that The MBO Journal allows only one round of major revisions and the final decision will depend on strength and completeness of the ultimate version of your study.
REFEREE REPORTS:
Referee #1:
This manuscript entitled "Antithetical NFATc1-Sox2 and p53-miR200 signaling networks govern pancreatic cancer cell plasticity" by Singh S. et al. present very interesting data on a critical role of NFATc1-SOX2 in pancreatic cancer progression via activation of the EMT program. Comprehensive analyses in mouse tumor models coupled with molecular analyses in cell lines and human tumors provided quite convincing evidence that induction of NFATc1 and SOX2 are critical for EMT in pancreatic cancer, which is correlated with PDAC progression.
What is less convincing in the current version of the manuscript is the role of the p53-miR200 axis in the proposed model due to the following reasons.
1. Fig. 7C shows that overexpression of miRNA200c can suppressed EMT gene expression, but it is unclear how many fold of overexpression this is and how it is compared to induction of endogenous miR200 in the KNC mouse tumor model. Because Fig. 7A shows that P53 reepxression can induce miR200c by only 3-fold. The critical experiment is to repress miR200 in the Kras/NFATc1 cells to test whether it results in the similar EMT phenotypes and SOX2 induction, as shown in Fig. 2E with depletion of p53. This experiment is essential to determine whether the role of p53 here is through miR200. 2. Another key question not answered is whether SOX2 is the key target gene downstream of miR200. No data is provided to show that SOX2 contains miR200-binding sites. Instead, the miR200/ZEB double-feedback loop has been well characterized in many cell systems. Therefore, it is equally possible that miR200's key role here is to directly repress ZEB proteins. 3. It will further strengthen the argument to show that repression of miR200s are correlated with increased NFATc1 expression in the mouse and human pancreatic cancer models presented in Fig.1 Additional points:
1. In both the abstract and the model presented in Fig. 8 , inflammation is proposed to be the key inducer of NFATc1. Although NFATc1 is an inflammation-induced gene, no evidence is provided showing that the induction of NFATc1 in this setting is due to inflammation. Therefore, this should be revised. experimental procedure. For example, Fig.5L , it is not clear whether HA-NFATc1 was transfected into the cell line or the original NFATc1 transgene was immunoprecipitated. If this is an overexpression system, then the interaction between these two proteins are quite weak.
4. In the title, "cancer cell plasticity" is very vague and "Epithelial-Mesenchymal Transition in pancreatic cancer cells" might be more precise.
Referee #2:
Singh et al. show data about the role of the transcription factor NFATc1 in regulating the plasticity of pancreatic cancer cells in a mouse model and in samples from PDAC patients. They propose a model in which NFATc1 controls EMT and cancer stem cell-like phenotype through the activation of SOX2 transcription, which is counteracted by the (previously reported) EMT-suppressive ability of p53 and miR-200c. The model is interesting but requires further validation in cell lines, an assessment of the translational relevance in patient samples, and the paper requires a substantial statistical revision. 
Point-to-point response
We thank the Reviewers for their critical analyses and helpful suggestions which we addressed in full to improve the impact of our data and the quality of the manuscript. 
Reviewer #1
We would like to thank the Reviewer for his general appreciation of our work and his/her insightful comments. What is less convincing in the current version of the manuscript is the role of the p53-miR200 axis in the proposed model due to the following reasons.
Comment:
Fig . 7C shows that overexpression of miRNA200c can suppress EMT gene expression, but it is unclear how many fold of overexpression this is and how it is compared to induction of endogenous miR200 in the KNC mouse tumor model.
Because Fig. 7A shows that P53 reepxression can induce miR200c by only 3-fold.
The critical experiment is to repress miR200 in the Kras/NFATc1 cells to test whether it results in the similar EMT phenotypes and SOX2 induction, as shown in Fig. 2E with depletion of p53. This experiment is essential to determine whether the role of p53 here is through miR200.
Response:
We thank Reviewer #1 for these comments and apologize for not displaying the miRNA expression data upon overexpression. We have included these data showing 150fold and 70fold induction of miR-34a and miR-200c, respectively, following overexpression in KNPC cells in Expanded View E5D of the revised manuscript.
MiRNA-34a and miRNA-200c expression in KNPC cells following overexpression.
Additionally 
QRT-PCR reveals successful miRNA-200c depletion in KNC cells (upper left panel) and displays upregulation of the indicated markers (upper right panel, both graphs are depicted in Expanded View

E5E of the revised manuscript). Western Blot analysis following miR-200c loss in KNC cells (lower panel, included in Fig. 7E of the revised manuscript).
In the current manuscript we demonstrate that EMT and stemness characteristics are 
Comment:
Another key question not answered is whether SOX2 is the key target gene downstream of miR200. No data is provided to show that SOX2 contains miR200-binding sites. Instead, the miR200/ZEB double-feedback loop has been well characterized in many cell systems. Therefore, it is equally possible that miR200's key role here is to directly repress ZEB proteins.
Response:
We fully agree with Reviewer #1's assertion that miR200 might directly affect expression of ZEB1. In fact, there is growing evidence for the notion that miR200
regulates both Sox2 and ZEB1. ZEB1 has been described as a crucial inducer of In accordance to the literature, miR-200c over-expression in pancreatic cancer cells results in a significant down-regulation of EMT markers, including ZEB1 (Fig. 7C, D) , while silencing of the micro-RNA leads to its up-regulation (Fig. 7E, E5E ), clearly confirming a negative effect of miR-200c on EMT marker expression. Additionally, the same experimental settings displays a significant attenuation of Sox2 expression following overexpression of miR-200c (Fig. 7C,D) , while loss of the microRNA results in Sox2-upregulation (E5E). Silencing of Sox2 reduces NFATc1 binding to and enhancer activation and promoter activity of Snail1 (Fig. 5M) , a process associated with a reduction of EMT marker expression on mRNA level (Fig. 5N) . 
Comment:
It will further strengthen the argument to show that repression of miR200s are correlated with increased NFATc1 expression in the mouse and human pancreatic cancer models presented in Fig.1 
Response:
As requested by Reviewer #1, we compared miR-200c and NFATc1 expression levels in human and murine pancreatic cancer models.
The three human pancreatic cancer cell lines L3.6, Panc1 and Imim-PC1 differ in their NFATc1-expression levels. Panc1 is the cell line with the strongest expression. 
Comment:
Additional points:
In both the abstract and the model presented in Fig. 8 , inflammation is proposed to be the key inducer of NFATc1. Although NFATc1 is an inflammation-induced gene, no evidence is provided showing that the induction of NFATc1 in this setting is due to inflammation. Therefore, this should be revised.
Response:
We thank the Reviewer for this important comment. Indeed, NFATc1 activation is tightly linked to acute or chronic inflammation, but our studies do not allow any conclusion regarding the impact of inflammation on induction of EMT and stemness in pancreatic cancer. Therefore, we changed the corresponding statements in the abstract and adapted the model in Figure 8 as requested.
Proposed model of antithetical NFATc1-Sox2 and p53-miR-200 networks in pancreatic cancer plasticity
Comment:
Snail1 was shown as a direct target of NFATc1 and Sox2. It is unclear whether Snail1 is the only EMT transcription factor to be directly bound by NFATc1/SOX2 or ZEB1 and Twist1 are also direct targets.
Response:
To address this important question, we performed ChIP analysis in KNPC cells and pulled NFATc1 and Sox2 to study their binding affinities to ZEB1 and Twist1. As shown here, neither NFATc1 nor Sox2 bind to the ZEB1 enhancer or promoter, respectively. In the case of Twist1, we detected a weak binding of NFATc1 to the Twist1 enhancer and promoter. We observed no significant enrichment of Sox2 binding on the Twist enhancer, while binding was detectable on the Twist1 promoter.
In contrast to that and highly reproducible, NFATc1 binding was observed on the Snail enhancer, while Sox2 enrichment was detected on the Snail promoter ( Figure   5M , 7F, 7G). Therefore we conclude, that cooperative NFATc1:Sox2-mediated induction of EMT in pancreatic cancer is the consequence of Snail1 activation by direct enhancer and promoter binding. Nevertheless, our expression analyses following depletion of Sox2 ( Figure 5N ) or pharmacological or genetic inactivation of NFATc1 ( Figure 4B , C) display that down-regulation of EMT markers is not limited to Snail1, but also includes Twist1 and ZEB1. Therefore we consider that NFATc1 and Sox2 indirectly target ZEB1 and Twist1 or bind to additional promoter and enhancer regions of both EMT genes.
ChIP-analysis in KNPC cells showing NFATc1 and Sox2 occupancy on Twist and Zeb1 promoter and enhancer.
Comment:
In several figures, please explain the experiments in more detail about the figure legends or experimental procedure. For example, Fig.5L , it is not clear whether HANFATc1 was transfected into the cell line or the original NFATc1 transgene was immunoprecipitated. If this is an overexpression system, then the interaction between these two proteins are quite weak.
Response:
We apologize for the confusion and have expanded the explanations of the experimental designs in out figure legends and in the material and methods section of the revised manuscript. With regard to the specific question raised, the immunoprecipitation presented in Figure 5L shows an interaction of endogenous HANFATc1 and Sox2 in KNPC cells.
Comment:
In the title, "cancer cell plasticity" is very vague and "Epithelial-Mesenchymal Transition in pancreatic cancer cells" might be more precise.
Response:
We agree with Reviewer #1 that "cancer cell plasticity" is a somewhat vague term.
We did have extensive discussions among the authors on this topic, but feel that considering that our studies are not limited to EMT regulation in pancreatic cancer, but also investigate stemness features, we prefer to keep the current title, as "cancer cell plasticity" summarizes EMT and stemness programs.
Reviewer #2
We thank the Reviewer for his/her supportive and constructive comments that we have addressed in full as described in detail below. complex is crucial for EMT.
General
Response:
We thank Reviewer #2 for this important comment. As requested, we analyzed the impact of Sox2-depletion on NFATc1-mediated up-regulation of EMT transcription factors in human pancreatic cancer cell lines. For this approach we stably transfected Sox2 shRNA in L3.6 cells. Following over-expression of NFATc1 in control shRNA clones, we observed a strong up-regulation of the EMT-markers ZEB1 and Snail1. In contrast to wild-type cells, Sox2 depletion diminished the effect of NFATc1 overexpression in this cell line. Of note, Sox2 shRNA treatment does not affect the expression levels of NFATc1. The data are included in Fig. 5O and Expanded View E3F, E3G of the revised manuscript. These results support our finding that Sox2 expression is critical for NFATc1 mediated induction of key genes that promote EMT in pancreatic cancer. Fig. 5O and Expanded View E3F, E3G in the revised manuscript.
QRT-PCR shows successful Sox2 depletion and NFATc1 overexpression in L3.6 cells (upper panels) as well as abolished NFATc1-mediated upregulation of EMT markers in the absence of Sox2 (lower panel). The figures are included in
Comment:
To support the notion that the pathway is active in human PDAC, the NFATc1-SOX2 co-expression should be also shown in patient samples by immunohistochemistry. 
Statistical analysis is missing in many experiments throughout the paper; a statistical revision is required.
Response:
We thank the Reviewer for this note and have performed a careful statistical revision of the paper. For example, we calculated p-values, accentuated significant (p<0.05) differences and included a description of our statistical analysis in the materials and methods section of the manuscript.
Comment:
Minor
The authors should explain the reason behind the inconsistent number of patients used in the IHC in the Fig1C and Table E1 .
Response:
We apologize for the confusion caused by inconsistent numbers of patients in Figure   1C and Table 1 . NFATc1 and p53 stainings were performed in a total of 161 patient samples. This high number of samples was achieved by combining two different TMA datasets (Mayo Clinic TMA, TMA derived from Irene Esposito, Munich). Clinical data, including the survival of the patients, was only available from the Mayo Clinic TMA data base. Therefore the correlation of the p53 status, age of the patients at diagnosis, survival and grading could only be conducted in a total of 129 patient samples. This explanation was added to the Material and Methods section.
Comment:
What is the fold change of EMT genes in the array result?
Response:
Our revised manuscript comprises an Exel file of the array which contains the fold changes of gene expression.
Comment:
How many siRNAs were tested per gene silencing experiment? Were combination of siRNAs (like smart pool) used? If not some data need to be reproduced with other siRNAs.
Response:
We apologize for the omission of this information in the original version of the manuscript. To guard against off-target effects we used a set of 2-3 siRNAs for all of our experiments. This information is now included in the Material and Methods section of the revised manuscript.
Comment:
The authors state that the cells in the Fig2 had a dedifferentiated phenotype. Pictures of the cells showing morphological alteration could be provided.
Response:
We thank Reviewer #2 for this suggestion and admit that our statement "Loss of p53
caused robust transcriptional activation of gene signatures implicated in EMT, stemness, and metastasis (…) and these expression changes were accompanied by acquisition of a fast migrating, dedifferentiated phenotype, evidenced by wound healing experiments and time-lapse microscopy ( Figure 2C )" (pp.8-9 of the revised manuscript) was somewhat misleading. KNC cells already display a very spindleshaped phenotype and we did not observe additional morphological changes of the cells following depletion of p53 (please compare light microscopy images below).
Nevertheless, we do see a significant enhancement of EMT marker expression and an accelerated wound-closure rate upon p53 silencing. To clarify this issue we deleted the term "dedifferentiated" in the quoted passage in the revised manuscript.
Light microscopy reveals the cell morphology of KNC cells following depletion of NFATc1 and p53,
respectively. Western Blot analysis was used for knockdown-control.
Comment:
Many qPCR result plots have inconsistent scaling in the Y-axis. All graphs should be normalized as in the Fig2A.
Response:
As requested, we critically revised our graphs, re-labeled the Y-axis and displayed our mRNA results as x-fold expression wherever it seemed suitable. In the case of figures 4A, 5A and E5B, we believe that displaying the data as relative mRNA expression levels is preferable, as it demonstrates expression of the indicated markers in different GEMM tissues in which we cannot normalize to a basal expression level.
Comment:
Is the morphology of the NFATc1-siRNA cells somehow altered?
Response:
Indeed, the morphology of KNC cells is altered following NFATc1 depletion. The cells demonstrate a less spindle-shaped phenotype, possibly due to reduced activation of mesenchymal traits (please see light microscopy images and Western Blot analysis for knockdown-control on p.15 of the point-to-point response).
Comment:
On page 11 there is a mention of Fig3H and 3I, which are not present in this submission.
Response:
We thank the Reviewer for this important statement and apologize for the incorrect citing of our data. The conservation of NFAT binding sites within the Sox2 gene among vertebrates and NFATc1 binding in Sox2 enhancers are not displayed in Figure 3H and 3I, but in Figure 5H and 5I. The revised manuscript contains the correct references to the appropriate figures. Thank you very much for the revised study that was highly appreciated by one of the original referees.
REFEREE REPORT:
Referee #2:
Excellent revision work!
